Increasing epidemiological evidence indicates that prenatal infection and childhood central nervous system infection with various viral pathogens enhance the risk for several neuropsychiatric disorders. Polyriboinosinic-polyribocytidilic acid (polyI:C) is known to induce strong innate immune responses that mimic immune activation by viral infections. Our previous findings suggested that activation of the innate immune system in astrocytes results in impairments of neurite outgrowth and spine formation, which lead to behavioral abnormalities in adulthood. To identify candidates of astrocyte-derived humoral factors that affect neuronal development, we analyzed astrocyte-conditioned medium (ACM) from murine astrocyte cultures treated with polyI:C (polyI:C-ACM) by two-dimensional fluorescence difference gel electrophoresis (2D-DIGE). Through a quantitative proteomic screen, we found that 13 protein spots were differentially expressed compared with ACM from vehicle-treated astrocytes (control-ACM), and characterized one of the candidates, matrix metalloproteinase-3 (Mmp3). PolyI:C treatment significantly increased the expression levels of Mmp3 mRNA and protein in astrocytes, but not microglia. PolyI:C-ACM was associated with significantly higher Mmp3 protein level and enzyme activity than control-ACM. The addition of recombinant Mmp3 into control-ACM impaired dendritic elongation of primary cultured hippocampal neurons, while the deleterious effect of polyI:C-ACM on neurite elongation was attenuated by knockdown of Mmp3 in astrocytes. These results suggest that Mmp3 is a possible mediator of polyI:C-ACM-induced neurodevelopmental impairment.
Introduction
Abnormalities in early brain development contribute to the etiology of many neurological disorders in later life (Grabrucker, 2012; Schmidt-Kastner et al., 2012; van Dongen and Boomsma, 2013) . Recent advances in genome analysis indicate that large numbers of common variants shape an individual's disease risk, including that for major mental illnesses (Cross-Disorder Group of the Psychiatric Genomics et al., 2013; Ripke et al., 2013; Walters et al., 2013) , although the biological mechanisms by which environmental components affect brain development are poorly understood. Environmental insults include maternal stress, nutritional deficiencies, perinatal infections, season of birth and obstetric complications (Brown, 2011; Dean and Murray, 2005) . Several lines of epidemiological evidence suggest that prenatal infection and childhood central nervous system (CNS) infection with various viral pathogens enhance the risk for several neuropsychiatric disorders including schizophrenia (Brown et al., 2004; Khandaker et al., 2012; O'Callaghan et al., 1994) , autism (Grabrucker, 2012) and mental retardation (Revello and Gerna, 2004 ). These findings indicate the possible interference in normal brain development by abnormal immune responses.
On the basis of the epidemiological evidence, some animal models for the effects of viral infection on brain development have been established (Meyer and Feldon, 2010; Nagai et al., 2011; Nawa and Takei, 2006) . One of these is maternal exposure to polyriboinosinic-polyribocytidylic acid (polyI:C). PolyI:C is a synthetic analogue of double-stranded RNA that is recognized by the pattern recognition receptor, toll-like receptor (TLR) 3, and then evokes an antiviral-like inflammatory response (Alexopoulou et al., 2001 
